Using the non-linear finite element analysis, the snap-through behavior of the button is studied. For the specified case, the finite element results agree with those of the experiments. From the numerical results, the forcedisplacement curves and click ratios of various button design cases are obtained. This research will provide the information of the button design for industrial engineers.
Introduction
As shown in Fig. 1 , the snap-through problem is a typical topic in solid mechanics. Many past researches (1) (2) (3) (4) (5) have studied this problem. The snap-through behavior has been applied to the button design ( Fig. 2) in electronic products such like mobile phones or cameras. For example, the metal arch is adopted as an important component in the button. Under the snap-through phenomenon as shown in Fig. 1 , people can feel a click or jump motion when their fingers press the button. Figure 1 illustrates the snap-through phenomenon of an arch structure. When the applied force F approaches the critical point a, the structure will jump and snap along the a-c path. This jump motion is illustrated in Fig. 1 . If the displacement-control method is adopted, the F-v relation will follow the a-b-c path.
In this paper, the snap-through deformation of the arch shell is studied. Using the non-linear finite element analysis, the large displacement, contact condition and elasto-plastic stress-strain curves are considered. The geometry properties will be discussed for obtaining the design guidelines. Finally, this research will provide the information of the button design for engineers. 
Problem Definitions
The configuration of this study is shown in Fig. 3 . The arch shell structure has thin thickness t. Its main dimensions are R, H, W, and t. The indenter with radius r presses the arch shell to obtain the snap-through deformation. Both ends of the arch are fixed.
Due to the relative rigidity, the indenter is assumed as a rigid body. The arch is made of metal such as aluminum or steel. Fig. 3 . The configuration of arch shells tested in this study.
Methods of Analyses

Non-Linear Finite Element Modeling
The large displacement, contact condition and elastoplastic stress-strain curve are considered in this paper. Above items are all non-linear. The finite element software ANSYS (6) is adopted to solve the problem. A typical finite element mesh is shown in Fig. 4 . Due to thin thickness, the arch is modeled by the shell elements, i.e. SHELL93 elements (as shown in Fig 5 ) (6) . The geometry dimensions of the mesh are R=H=32.65 mm, W=15 mm, t=0.11 mm, and r=5 mm. The mesh contains 4081 elements and 5943 nodes.
In ANSYS, contact conditions are given on the contact surfaces between the indenter and arch shell. TARGE170 and CONTA174 elements are used to simulate the contact surface and non-penetration condition. Due to the relative rigidity, the indenter is modeled as a rigid contact body. The contact parameters in ANSYS are FKN=0.4 and FTOLN=0.05. The shell thickness effect for the contact analysis is considered in the numerical calculation. The elasto-plastic analysis is considered because of the plastic deformation. In this case, the elasto-plastic stress-strain curve is inputted into ANSYS.
The indenter is prescribed with a displacement along the y-direction. This prescribed displacement can be downward and upward to control the motion of the indenter. 
Experiments
The experiments are established to ensure the validation of the finite element analysis. Experimental and finite element results will be compared.
The MTS testing system (MTS Systems Corporation, USA) shown in Fig. 6 is used in this study. Fig. 7 shows the sample and equipment. The indentation experiment such as the case in Fig. 3 will be done by the MTS system. Also, the elasto-plastic stress-strain curve can be obtained by the tensile test in the MTS system. Fig. 8 and 9 respectively show the testing results of the aluminum alloy (Al-Mn 3004) and stainless steel plate (JIS SUS 301 EH). It represents the engineering stress and strain. It must be converted to the true stress-strain data for the finite element analysis. In addition, Table 1 lists the material constants obtained by the tensile test. 
Design of Button
The click ratio CR is an important parameter for the button and switch design. Referring to Fig. 2 , the definition of CR is as follows:
where F max and F min denote respectively the maximum and minimum force during the snap-through deformation.
Larger CR value represents more obvious jump motion when people's finger presses the button or switch. Referring to the past study (7) , the click ratios are designed within the range 30% to 60% to obtain good feeling for people's fingers.
Results and Discussions
Validation of Finite Element Modeling
In this section, experimental and finite element results are compared to confirm the modeling accuracy. The material of the arch shell is Al-Mn 3004 aluminum alloy. The following dimensions are considered: R=H=32.65 mm, W=15 mm, t=0.11 mm, and r=5 mm. Fig. 10 and 11 show the snap-through results from the testing and ANSYS. It shows good agreement between both data. The accuracy of the finite element modeling is valid. (Fig. a) and ANSYS (Fig. b) .
Design and Analysis for Button
In this section, the arch shell's size is reduced to fit the design size for the button in electronic products. The following dimensions are used: H=R=2 mm, W=3 mm, t=0.06 mm, and r=0.25 mm. The material is the stainless steel (JIS SUS 301 EH). The arch is subjected to cyclic loadings of the indenter. Fig. 12 shows the relation between applied force and indenter's displacement. The results of the first loading cycle show that the arch shell has large plastic and permanent deformation. In the second and third cycle, the arch loses the snap-through behaviors so that this structure cannot be the component of the button.
To fit the design functions, the new dimension H=0.1R is adopted. Fig. 13 shows the results from three different shell thicknesses (t=0.05, 0.06, and 0.07 mm). The indenter is loaded and then unloaded to its original location. In the first cycle, the loading and unloading paths are different due to the plastic deformation. In the second and third cycle, the operation paths follow the unloading path of the first cycle. The snap-through behavior exists for the button design.
The values of the click ratios are obtained from the second cycle and listed in Table 2 . Referring to the past study (7) , the click ratios are designed within the range 30% to 60% to obtain good feeling for people's fingers. The cases of t=0.05 mm and 0.06 mm fit the criterion. In addition, Fig. 13 shows that the applied force becomes larger when the thickness is larger. 
Conclusions
In this paper, the snap-through behavior of the arch shell have been studied and discussed. The shape of the arch shell affects the snap-through behavior. The case of H=R loses the snap-through behaviors. With H=0.1R, it presents the snap-through behavior for the button design. The click ratios are designed within the range 30% to 60% to obtain good feeling for people's fingers.
